We investigated the relationship of body size and prostate cancer risk in the Multiethnic Cohort, a longitudinal study of individuals ages 45 to 75 in Hawaii and in California. Self-reported measures of height and weight were obtained at baseline. Of 83,879 men enrolled from 1993 to 1996, a total of 5,554 were diagnosed with prostate cancer during an average of 9.6 years of follow-up. The influence of baseline weight and weight change since age 21 varied by ethnic group. Whites gaining more than 10 lbs had a nonlinear, increased risk of advanced and high-grade prostate cancer [relative risks (RR), 2.12; 95% confidence intervals (CI), 1.19-3.78 for 25-39.9 lbs; P trend 0.43; and RR, 1.49; 95% CI, 1.04-2.14, for ≥40 lbs; P trend 0.20, respectively]. African American men gaining 40 lbs or more (relative to <10 lbs) had a nonmonotonic, increased risk of localized prostate cancers (RR, 1.26; 95% CI, 1.02-1.54; P trend 0.09) and those who gained 25 lbs or more were at increased risk of low-grade disease (RR, 1.28; 95% CI, 1.03-1.58, for ≥40 versus 10 lbs, respectively; P trend 0.07). Japanese men had a statistically significant, inverse association of weight gain and localized disease (RR, 0.80; 95% CI, 0.65-0.99 for ≥40 versus 10 lbs; P trend 0.05). Our findings provide evidence that adiposity and changes in adiposity between younger and older adulthood influence the development of prostate cancer. Ethnic differences in risk may be explained by variation in the distribution of accumulated body fat that could differentially affect prostate carcinogenesis. (Cancer Epidemiol Biomarkers Prev 2009;18(9):2413-21) 
Introduction
The relationship between body size and prostate cancer risk is unclear and studies to date have shown inconsistent results (1) (2) (3) . Among cohort studies published prior to 2001, 5 of 11 showed a positive association of body mass or weight with prostate cancer risk (1) . A meta-analysis of cohort studies published through 2004 found a weak, positive association of body mass index (BMI) with prostate cancer (2) . More recent prospective studies have observed inverse associations of BMI and risk of early stage and low-grade prostate cancers (4) (5) (6) . Studies examining the relationship of body size in early adult life and prostate cancer risk cumulatively provide evidence of a null or weak positive relationship (7) . Excessive weight gain was observed to be positively associated with early stage prostate malignancies (8) and prostate cancer mortality (5) . In contrast, weight gain was associated with a decreased risk of prostate cancer (9) , and weight loss was inversely associated with prostate cancer risk (4) . Height has also been inconsistently associated with prostate cancer in cohort studies (1, 2) . We examined the role of anthropometry in the risk for prostate cancer among a multiethnic population characterized by great variation in both body size and prostate cancer risk.
Anthropometric measures were self-reported and included current height, current weight, and weight at age 21.
Case Ascertainment. Histologically confirmed, invasive prostate cancer cases were identified by linkage of the cohort to the Surveillance, Epidemiology, and End Results cancer registries covering the state of Hawaii, Los Angeles County, California, and the state of California. The cohort was also linked to death certificate files in Hawaii and California and to the National Death Index. The present analysis includes all prostate cancer cases diagnosed among eligible participants beginning from cohort entry through December 31, 2004 . A total of 5,554 invasive prostate cancer cases were diagnosed during the average follow-up period of 9.6 y. Early stage or localized cases were defined as tumors confined to the prostate whereas advanced stage cases were defined as those spread outside the prostate (i.e., regional or metastatic disease). Low-grade and high-grade prostate tumors were defined as those with Gleason scores of <7 and ≥7, respectively.
Statistical Analysis. All analyses were done using SAS statistical software version 9.1 (SAS Institute). Differences in anthropometric measures between ethnic groups were evaluated using analysis of covariance with adjustment for age and χ 2 tests for distribution. The main analysis focused on the relationship of body size to invasive prostate cancer risk considering all cases, cases classified by stage (advanced versus localized), and cases classified by grade (high grade versus low grade). Relative risks (RR) of prostate cancer and 95% confidence intervals (CI) were estimated using Cox proportional hazards models. In general, for the models of anthropometric variables, age was used as the time metric. However, follow-up from cohort entry was used as the time metric in models examining potential confounders, including age. The entry date for follow-up was the date of questionnaire completion or the 45th birth date (for the <1% of cohort members who were slightly younger than 45 at questionnaire completion). The closure date was the earliest of the following: diagnosis date, date of death, or December 31, 2004 Anthropometric variables were entered into models as indicator variables representing group membership, with normal BMI groups and the lowest quartile for the other variables as the reference category. Linear trends were evaluated using a variable assigned the median value within the appropriate overall quartiles or categories. The proportional hazards assumption for anthropometric measures was tested using Schoenfeld residuals and the assumption was not violated (13) .
Cox proportional hazards models for anthropometric variables were adjusted for the following strata variables: age at cohort entry (<50, 50-59, 60-69, and ≥70 y), ethnicity (African Americans, Japanese, Latino-Mexico/South American-born, Latino-U.S.-born, Native Hawaiians, and Whites), marital status (married, separated/divorced, widowed, or never married), history of prostate cancer in a father or brother (yes and no/do not know), birthplace (Unites States, Mexico, Central/South American, Japan, Europe, or other), education level (<high school, high school graduate, some college/vocational school, or college graduate), and smoking status (never smokers; former smoker; and current smoker of <10, 10-19, and ≥20 cigarettes/d). These variables were found to be associated with either prostate cancer or prostate cancer screening in this cohort (14) . In addition to these covariates, models of baseline weight, baseline BMI, and weight change variables were adjusted for weight at age 21. In separate analyses, weight at age 21, baseline weight, and weight changes since age 21 were additionally adjusted for height. All statistical tests used two-sided P values and statistical significance was set at P < 0.05.
The heterogeneity of effects by disease stage and grade and across ethnic groups was evaluated. The effect of anthropometric measures by disease stage and grade was compared in overall models using competing risk techniques in which localized and advanced cancers are different events and in which low-grade and highgrade tumors are different events (13) . In the competing risk models, we allowed ethnicity-specific effects by disease severity, as that variable was a strong confounder for height and weight variables. The effect of anthropometry by ethnicity was compared using a Wald test of the cross-product terms of anthropometry measures and ethnic group.
Diabetes was previously found to be protective for prostate cancer and correlated with obesity in this cohort (15) . In order to evaluate a possible confounding effect of diabetes on the relationship between BMI and prostate cancer risk, models were run excluding all men with a diagnosis of diabetes at baseline. In addition, the joint effects of BMI and diabetes on prostate cancer risk were evaluated.
To evaluate whether prostate-specific antigen (PSA) screening history influenced the relationship of anthropometry to prostate cancer, the separate main effects models were repeated for the 62,327 men who completed a follow-up questionnaire ∼5 y after cohort entry that asked about history of PSA screening. The analysis was stratified by PSA screening and adjusted for the covariates listed above. Follow-up was defined as time from the follow-up questionnaire administration up to 2004. Men with a prostate cancer diagnosis between the baseline and follow-up questionnaire were excluded from this analysis.
Results
Of the 5,554 men in the Multiethnic Cohort diagnosed with invasive prostate cancer, 632 cases were of advanced stage, 4,434 were localized, and 488 had no stage information. In grouping by grade, there were 1,563 high-grade cases, 3,649 low-grade cases, and 342 cases which had no grade information. Cases with no stage and grade information were excluded from all analyses by disease stage and grade, respectively. Table 1 details the characteristics of the study cohort of 83,879 men and the relationship of these characteristics to prostate cancer risk (adjusted for all factors listed). Risk of prostate cancer increased with age and this trend was significant (P < 0.001). Compared with White men, African Americans and U.S.-born Latinos had elevated risks and Japanese men a reduced risk of prostate cancer. Single/ never married men were at a lower risk of prostate cancer relative to married men. Prostate cancer risk increased with education level and a positive family history. Cigarette smoking, which was previously found to be related to lack of PSA screening in this cohort (14) , was inversely associated with prostate cancer risk.
Body size varied widely by ethnicity and these differences were significant for all anthropometric measures (Table 2 ). Mean height ranged from 66 in. for Japanese to 70 in. for Whites and African Americans. All other indices of body size were lowest among Japanese and highest in Native Hawaiians. Overall at baseline, ∼1% of the cohort was underweight, 42% were of normal weight, 43% were overweight, and 14% were obese. A total of 11% and 3% of men had a baseline BMI of 30 to 34.9 kg/m 2 and ≥35.0 kg/m 2 , respectively. Table 3 details the relationship of body size to prostate cancer risk overall and by disease severity. Relative to men weighing <154 lbs at baseline, men weighing 172 to 193.9 lbs had an increased risk of localized prostate cancer (RR, 1.12; 95% CI, 1.01-1.24; P trend 0.74) and an increased risk of high-grade disease, although this relationship was of borderline significance.
Relative to men of normal BMI at age 21, men who were overweight or obese at age 21 were at decreased risk of both localized tumors and low-grade disease, although these relationships were nonmonotonic (RR, 0.87; 95% CI, 0.79-0.97; P trend 0.08 and RR, 0.87; 95% CI, 0.78-0.98; P trend 0.22, respectively; Table 3 ). BMI at age 21 was also inversely associated with total prostate cancer risk.
Absolute and relative weight changes since age 21 were positively associated with risk of high-grade and advanced prostate cancer, although the relationships were nonmonotonic (Table 3 ). Relative to a weight gain of <10 lbs, a weight gain of 25 to 39.0 lbs was positively associated with both advanced and high-grade disease (RR, 1.34; 95% CI, 1.02-01.74; P trend 0.92; and RR, 1.19; 95% CI, 1.01-1.41; P trend 0.14, respectively). A weight gain of 7% to 15% since age 21 was positively associated with advanced tumors (RR, 1.34; 95% CI, 1.05-1.71, relative to <7% weight gain; P trend 0.82). There was a borderline significant association of relative weight change of ≥28% with high-grade disease. Height, baseline BMI, weight at age 21, and weight change per year were not associated with prostate cancer risk in this analysis (Table 3) . Adjustment of weight variables for height did not alter the results. When men with diabetes at baseline were excluded from the analysis, the relationships of anthropometric measures with prostate cancer risk were unchanged (data not shown). Furthermore, there was no evidence of interaction between body size and diabetes on prostate cancer risk (data not shown).
Ethnic differences in the relationship of body size to prostate cancer risk were evaluated (Table 4) . Differential effects of weight at baseline were found across ethnic groups (P for interaction 0.02). Whites and Native Hawaiians had a nonlinear, positive association of baseline weight with prostate cancer risk. White men in the second and third quartiles of baseline weight had an increased risk of prostate cancer [RR, 1.32; 95% CI, 1.06-1.64 for 172-193.9 (3rd quartile) versus 154 lbs; P trend 0.66]. Similarly, Native Hawaiian men in the second to fourth quartiles of baseline weight had an increased risk of prostate cancer [RR, 1.90; 95% CI, 1.09-3.34 for ≥194 lbs (4th quartile) versus 154 lbs; P trend 0.12]. In contrast, among Japanese men, there was an inverse, dose-response association of baseline weight with prostate cancer [RR, 0.69; 95% CI, 0.50-0.97 for ≥194 (4th quartile) versus 154 lbs; P trend 0.03]. The associations of baseline weight with prostate cancer risk were unchanged after adjustment for height.
The effect of weight change since age 21 on prostate cancer risk differed significantly between groups (P interaction 0.006) but significant associations were seen only for Whites and Japanese. For Whites, there was a nonlinear, positive association of weight change with prostate cancer risk (RR, 1.23; 95% CI, 1.03-1.48 for 10-24.9 versus 10 lbs; and RR, 1.25; 95% CI, 1.03-1.51 for 25-39.9 versus 10 lbs; P trend 0.55). In contrast, Japanese men had an inverse, dose-response association of weight change since age 21 and risk of prostate cancer (RR, 0.79; 95% CI, 0.65-0.96; P trend 0.01 for ≥40 versus 10 lbs).
The relationship of weight change since age 21 to prostate cancer risk by stage and grade was evaluated across ethnic groups with the exception of Native Hawaiians who were excluded due to small numbers (Table 5) . Positive associations of weight change and prostate cancer risk were observed in Whites and African Americans, although none of the relationships were monotonic. Relative to weight gain of less than 10 lbs since age 21, Whites gaining up to 39.9 lbs were at an increased risk of advanced prostate cancer (RR, 2.08; 95% CI, 1.20-3.60 for 10-24.9 lbs and RR, 2.12; 95% CI, 1.19-3.78 for 25-39.9 lbs; P trend 0.43). Among Whites, weight gain was also associated with increased risk of high-grade disease (RR, 1.76; 95% CI, 1.25-2.48 for 10-24.9 lbs; RR, 1.63; 95% CI, 1.13-2.35 for 25-39.9 lbs; and RR, 1.49; 95% CI, 1.04-2.14 for ≥40 versus 10 lbs; P trend 0.20). African American men gaining 40 lbs or more (relative to <10 lbs) were at an increased risk of localized prostate cancers (RR, 1.26; 95% CI, 1.02-1.54; P trend 0.09) and those that gained 25 lbs or more were at an increased risk of low-grade disease (RR, 1.30; 95% CI, 1.03-1.63 for a weight gain of 25-39.9 lbs and RR, 1.28; 95% CI, 1.03-1.58 for a weight gain of ≥40 lbs; P trend 0.07). Japanese men had a statistically significant, inverse association of weight gain and localized disease (RR, 0.80; 95% CI, 0.65-0.99 for ≥40 versus 10 lbs; P trend 0.05). Japanese men also had an inverse association of weight gain with low-grade disease, although the association was of borderline significance. The effect of weight change since age 21 on risk of low-grade disease differed significantly between ethnic groups (P interaction 0.04).
Stratification by age at cohort entry (<60 or ≥60) and by family history of prostate cancer (yes or no) showed no effect modification by age or family history in the relationship of anthropometric measures and prostate cancer risk (data not shown).
In order to assess the effects of preclinical disease, we did a lag analysis excluding 980 cases diagnosed within the first 2 years of follow-up. There were no substantial changes in the association of anthropometric measures with prostate cancer risk, with the exception of weight change among Japanese men. Excluding the first 2 years 2 ) and 32.7-36.0% (≥30 kg/m 2 ); P < 0.001]. To evaluate the influence of prostate cancer screening, the main effects models were repeated for the subset of men for whom PSA screening history was available. There was no difference in effects between screened and nonscreened men (data not shown). 
Discussion
Our findings provide evidence that body mass in both younger and older adulthood, and weight gain between these periods of life, might influence prostate cancer risk. Overall, men who were overweight or obese at age 21 had a nonlinear, decreased risk of developing both localized and low-grade prostate cancer. We also observed that weight gain between age 21 until study entry-a period of time spanning a minimum of 24 years-increased the risk of both advanced and highgrade disease. The effects of weight gain on advanced and high-grade prostate cancer risk, however, were not monotonic, but remained when we limited our analysis to cases diagnosed after 2 years of follow-up.
The relationship of body size and weight change differed by ethnic group. Baseline weight was positively associated with prostate cancer risk among Whites and Native Hawaiians, although linear increases in risk were not evident across categories. In contrast, there was an inverse, dose-response association of baseline weight with disease risk among Japanese. Weight gain since age 21 increased the risk of prostate cancer among Whites, although the relationship was not linear. Among Japanese, weight gain since age 21 decreased disease risk in a dose-response manner. This association was no longer significant after the exclusion of cases diagnosed during the early period of follow-up. This is likely a result of lack of power given that Japanese men had the lowest weight gain of any ethnic group rather than an effect of preclinical disease.
When stratified by disease severity, weight gain was positively associated with both advanced and highgrade prostate cancer in Whites and with both localized and low-grade disease among African Americans. These relationships were not monotonic, however. Among Japanese men, weight gain was associated with a significant trend of decreasing risk of early stage prostate cancers. There was evidence of effect modification of weight change and ethnicity with the risk of low-grade disease.
To the best of our knowledge, this is the first report of ethnic differences in the relationship between body size and prostate cancer risk. The Multiethnic Cohort includes groups with a wide variation in anthropometric measures and groups with extremely low and high incidences of prostate cancer, i.e., Japanese and African Americans, respectively. Consistent with our results, three other prospective studies also observed an inverse association of high BMI and risk of nonadvanced prostate cancer (4-6). Rodriquez et al. (4) found that obesity decreased the risk of localized, low-grade prostate cancer and this was observed for obesity up to 11 years and up to 21 years prior to diagnosis. In another study, both measured BMI and waist circumference were inversely associated with low-grade prostate cancer (6) . The mechanism by which high body mass decreases the risk of prostate disease is unclear. Obesity contributes to decreased levels of testosterone, increased levels of estrogen, as well as other hormonal changes (16) (17) (18) . It has been suggested that at lower levels, testosterone, which functions to promote differentiation in the normal prostate, may promote the growth of high-grade prostate cancers while preventing the development or progression of low-grade prostate tumors (18) .
Other prospective studies examining weight gain and prostate cancer have included predominantly White populations, and the findings have been mixed. Weight gain of 30 lbs or more from age 18 through study baseline was associated with an increased risk of nonadvanced prostate cancer in a cohort from the United States (8) . Another prospective study in the United States found a positive association of weight gain from age 18 to study baseline with risk of prostate cancer mortality, but not incidence (5) . Similarly, net weight loss during a 10-year period was inversely associated with prostate cancer risk in another cohort in the United States (4) . In contrast to these results, a cohort in Austria observed an inverse association of weight gain and prostate cancer risk (9) , although the average period between the two measures was only 7 years-a period of time far shorter than our cohort and therefore only capturing relatively late changes in weight. A Netherlands cohort observed a trend of decreasing prostate cancer risk with increasing BMI from age 20 to study baseline; however, this relationship was not significant after adjustment for initial BMI (19) . Another prospective study from the United States observed no association of weight change from age 21 to study entry with prostate cancer risk (20) .
Our findings provide evidence that changes in adiposity between younger and older adulthood influence the development of prostate cancer. This suggests that it is the change in amount of adipose tissue that influences disease risk. In general, it is plausible that excessive weight gain may increase the risk of aggressive disease. Excess adipose tissue is associated with a number of conditions that can contribute to cancer development including low-grade chronic inflammation, insulin resistance, metabolic abnormalities, and hormonal imbalances (18) . Obese men have altered levels of estradiol, insulin, free insulin-like growth factor, leptin, free testosterone, and adiponectin, and these hormonal alterations may contribute to more aggressive prostate malignancies (18) . It is possible that the process of gaining excess adipose tissue from early to older adulthood may impose added metabolic, hormonal, and immunologic stress independent of initial or final body weight. A similar relationship of weight gain between adolescence and adulthood has been shown for postmenopausal breast cancer (21) .
Ethnic differences in risk may be explained by differences in the distribution of accumulated body fat which could have a differential effect on prostate carcinogenesis. It is possible that weight gain from younger to older adulthood specifically reflects changes in central obesity Abdominal obesity relative to lower body obesity is more strongly associated with metabolic abnormalities (25) . An Australian cohort study observed a positive association of several indicators of adiposity-BMI, fat mass, waist circumference, and hip circumference-with advanced prostate cancers (26) . Abdominal adiposity as measured by waist circumference and waist-to-hip ratio was associated with advanced cancer in a European cohort (27) . A limitation of the present study was the absence of other measures of body size such as waistto-hip ratio that provide a direct measure of central obesity.
Standards for defining normal weight, overweight, and obesity may vary by ethnicity (28) , and therefore, may be limited for comparing adiposity across diverse ethnic populations such as ours. Notably, the overall prevalence of overweight in this study population (57%) is on the lower end of the range of national estimates of the prevalence of overweight in men ages 45 and older (56.5-70.5%) for the mid-1990s when this cohort was enrolled (29) . This likely reflects the large proportion of Japanese in this cohort relative to national populations.
Detection of prostate cancers in obese men may be delayed as a result of lower PSA levels due to hemodilution of PSA (18, 30) . Furthermore, the prostate glands of obese men are larger than those of men of normal weight so that tumors are more likely to be missed in biopsies (18) . In a subset of the cohort, we observed that both underweight men and the most obese men had the lowest levels of screening. It is likely that these differences were largely driven by Japanese and Native Hawaiians who had the lowest and highest proportion of overweight/obese men, respectively, and who also had the lowest levels of screening. Although our evaluation of this subset of the cohort showed no differences in the association of anthropometric measures with prostate cancer risk between PSA-screened and PSA-unscreened men, we were unable to control for prostate cancer screening in the overall analyses.
Nonetheless, it is not likely that detection bias influenced our findings. Delayed detection would have been consistent with an increased risk of aggressive prostate cancers among obese men and not the decreased risk of early stage, low-grade tumors that we observed.
It is likely that there was some degree of misclassification of body size due to the inaccuracy of self-reported anthropometric measures. Nevertheless, although weight tends to be underreported and height overreported in surveys from the United States, in general, there is a high correlation between self-reported and measured weight across ethnic groups (31) . Systematic underreporting of weight and overreporting of height could bias risk estimates toward the null. Therefore, the significant associations observed in the present study may actually be underestimated. Furthermore, as anthropometric measures were collected prospectively and prior to cancer diagnosis, any bias should be nondifferential. The power in our cohort to investigate more extreme obesity was limited.
Our findings provide some evidence that adiposity, as well as increases in adiposity between younger and older adulthood, may influence the development of prostate cancer. Ethnic differences in risk associated with weight gain may be explained by group differences in the distribution of accumulated body fat which could have a differential effect on prostate carcinogenesis.
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